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1, In t roduct ion  

The behaviour of c o a l  dur ing  processing i s  determined by its physicochemical 
composition and s t r u c t u r e .  The examination of t h e  c o a l  "molecule" has  been hampered 
by t h e  i n a b i l i t y  t o  f i n d  techniques which measure any meaningful p r o p e r t i e s  of such 
l a r g e  complex s t r u c t u r e s .  Most a t t a c k s  on t h e  problem have been by means of breakinp, 
down t h e  s t r u c t u r e  i n t o  smal le r ,  more t r a c t a b l e  p ieces ,  examining t h e s e  and i n f e r r i n e  
t h e  o r i g i n a l  s t r u c t u r e .  
t o  r u p t u r e  t h e  molecules r a i s e s  doubts as t o  t h e  v a l i d i t y  of t h e  method. 
u n c e r t a i n t y  even with brown c o a l s  which a r e  g e o l o g i c a l l y  younger and bear  more 
resemblance to t h e  molecules of  c l a s s i c a l  organic  chemistry.  
for  ins tance ,  i n  t h e  d i v e r s i t y  of models proposed for bas ic  molecular arrangement 
(1-5). 
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I With bituminous c o a l s  t h e  s e v e r i t y  of  t h e  t reatment  needed . 
.' 
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There is 

This  is r e f l e c t e d ,  

Brown c o a l s  have t h e  advantage t h a t  t h e y  can be broken down by t h e  comparat ively 
g e n t l e  t reatment  of a l k a l i  d i g e s t i o n  ( 6 )  i n to  fragments  i n  t h e  micron and submicron 
range.  This  r e s u l t s  i n  a s o l u b l e  f r a c t i o n  of  humic a c i d s  and a n  inso luble  r e s i d u e ,  

, humins. With Vic tor ian  c o a l s  it has been found t h a t  maximum d i g e s t i o n  occurs  a t  pH 
> 13 t o  g ive  humic a c i d  y i e l d s  ranging from 1 5  t o  40% of t h e  dry  c o a l  mass (7). 

This paper r e p o r t s  on a s tudy  of d iges ted  c o a l  f r a c t i o n s  which were subjec ted  
t o  p a r t i c l e  s i z e  a n a l y s i s  using sedimentat ion techniques.  
a g r a v i t a t i o n a l  sedimentation technique w a s  adopted while  t h e  more f i n e l y  d iv ided  
humic a c i d s  requi red  an u l t r a c e n t r i f u g e  t o  genera te  a s u f f i c i e n t l y  l a r g e  f o r c e  f i e l d .  
The n a t u r e  of t h e  fragments generated by t h i s  technique has  r e s u l t e d  i n  a modified 
hypothesis  of c o a l  genes is .  

Experimental 

For t h e  humins f r a c t i o n s  

The c o a l  examined was a sample of medium-light ear thy  c o a l  from t h e  Yal lourn 
mine i n  t h e  Latrobe Val ley,  Vic tor ia .  Its u l t i m a t e  a n a l y s i s  on a d . a . f .  b a s i s  w a s  
C 6 5 . 6 % ,  H 5.18% and oxygen by d i f f e r n e c e  27.95%. 
b a l l  m i l l i n g ,  followed by f u r t h e r  s i z e  reduct ion  i n  a domestic food pulper  and was 
t h e n  s t o r e d  under water i n  a c losed  v e s s e l .  

A s tock  sample was prepared by wet 

For each t e s t  a 15 m l  q u a n t i t y  of  s l u r r y  was mixed with 500 m l  q u a n t i t y  of  0 .1  
M NaOH s o l u t i o n  t o  maintain pH a t  13. 
screened on a B.S. 350 mesh screen t o  remove t43 pm overs ize  p a r t i c l e s .  The under- 
f l o w  was then passed through a micropore f i l t e r  of nominal pore s i z e  1.2 u m .  
t h u s  been f r a c t i o n a t e d  by p a r t i c l e  s i z e  i n t o  humins ( t h e  t43 um and t h e  -43 um t 1.2 u m  
f r a c t i o n s )  and humic a c i d s  (-1.2 pm . f r a c t i o n ) .  

After  d i g e s t i n g  overnight  t h e  slurry w a s  wet- 

The c o a l  

Some of  each of  t h e  f r a c t i o n s  w a s  ac id  washed t o  remove sodium and 
r e p r e c i p i t a t e  t h e  humic ac ids .  
o f  t h e  humic a c i d s ,  due t o  small q u a n t i t i e s  of f u l v i c  a c i d .  
was then  c a r r i e d  out  on t h e  d r i e d  s o l i d s  of each f r a c t i o n .  

A yellow supernatant  l i q u i d  remained a f t e r  p r e c i p i t a t i o n  
An elemental  a n a l y s i s  

Other samples of  a l k a l i n e  s l u r r y  were subjec ted  t o  p a r t i c l e  s i z e  a n a l y s i s  by 
With t h e  -43 pm + 1.2 Um f r a c t i o n  t h i s  was done i n  a 50 mm d iameter  

t h e  mass of 
The da ta  was analysed by t h e  method of Od8n ( 8 )  and t h e  p a r t i c l e  

Sedimentation. 
s e t t l i n g  column with a t a r e d  pan a t  t h e  base t o  cont inuously r e c o r d  
sedimented s o l i d .  
s i z e  d i s t r i b u t i o n  (Stokesian d iameter )  expressed on a mass % b a s i s  was c a l c u l a t e d .  

The humic a c i d  f r a c t i o n  (-1.2 urn) which was a dark  brown suspension containinR 
4.7 mg/l of c o a l  d id  not s e t t l e  even a f t e r  s tanding  f o r  s i x  months. This  slurry was 
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spun i n  a Beckmann u l t r a c e n t r i f u g e  with s p e c i a l  long tubes  t o  genera te  high g values .  
A l k a l i - r e s i s t a n t  polyallomer tubes  were used so t h a t  t h e  s o l i d s  which c o l l e c t e d  i n  
t h e  base could b e  removed i n  a s p e c i a l  g u i l l o t i n e ,  t h e n  d r i e d  and weiehed. The 
h e i g h t s  of  suspension charged varied,from 10  t o  80 mm and r o t a t i o n a l  speeds up t o  
40 000 rpm were used. 
accord ing  t o  k o w n  (9) .  

R e s u l t s  

I 

The d a t a  was a g a i n  analysed by Oden's method, modified 

A t y p i c a l  ou tput  f r o m  t h e  sedimentat ion balance f o r  -23 urn t1.2 urn mater ia l  1 
shown i n  Fig. 1. The occurence of d i s t i n c t  peaks i n d i c a t e s  t h a t  groups of 

c lose ly-s ized  p a r t i c l e s  a r e  present ,  t h e  smal les t  being about  6 um i n  e f f e c t i v e  
(S tokes ian)  diameter .  
at d i f f e r e n t  pH and with d i f f e r e n t  c o a l  t y p e s  s u g g e s t e d ' t h a t  some fundamental u n i t  
was p r e s e n t .  
rods about  0.9 um i n  diameter  and 6-8 pm long were common. 
c o e f f i c i e n t  f o r  such p a r t i c l e s  was c a l c u l a t e d  from Lamb's formula f o r  c y l i n d e r s  a t  
low Reynolds '  number ( s e e  F'randtl ( l o ) ) ,  t h e  terminal s e t t i n g  v e l o c i t y  w a s  t h e  same 
as for a s p h e r i c a l  p a r t i c l e  of about 6 um diameter .  

The l a r g e r  p a r t i c l e  s i z e s  could t h u s  be a c c r e t i o n s  of t h e s e  bas ic  u n i t s  and 

The p e r s i s t a n t  appearance of  t h e  same s i z e  groups i n  a l l  t e s t s  

A microscopic examination of t h e  m a t e r i a l  revea led  t h a t  c y l i n d r i c a l  
When t h e  drag 

a number is such agglomerations were noted. The r o d s  were arranged s i d e  by s i d e ,  
c l o s e  packed i n  bundles. 
mass and  t h e y  subsequent ly  agglomerate i n  s o l u t i o n ,  doubl ing i n  volume a t  each 
coa lescence .  

It  appears  t h a t  t h e  alkali p e e l s  t h e s e  rods  from t h e  c o a l  

Elemental  ana lyses  of  t h e  f r a c t i o n s  showed t h e  'rod' f r a c t i o n  (-43 urn t 1.2 
p m ) i s  r i c h  i n  both  hydrogen and carbon compared wi th  t h e  o r i g i n a l  c o a l ,  Fig. 2 
a l though t h e  e f f e c t  i s  p a r t l y  obscured by t h e  o x i d a t i o n  which t a k e s  p lace  i n  a l k a l i n e  
s o l u t i o n .  The same t r e n d s  appeared i n  a l l  c o a l  samples t e s t e d .  

The p a r t i c l e  s i z e  d i s t r i b u t i o n  f o r  t h e  humic ac id  f r a c t i o n  is depicted i n  
Fig. 3. No material sedimented out u n t i l  t h e  most extreme condi t ions  were appl ied  
( 4 0  000 rpm f o r  24 h ) ,  when some l i g h t e n i n g  of co lour  a t  t h e  t o p  of t h e  so lu t ion  was 
observed.  The sedimented p a r t i c l e s  had a Stokesian diameter of around 2 run, which 
means t h a t  a p a r t i c l e  s i z e  gap of t h r e e  o r d e r s  of magnitude e x i s t s  between these  and 
t h e  n e x t  l a r g e s t  p a r t i c l e s  de tec ted  ( 5  u m ) .  
t o  be 1.43 g/cm3, a s o l i d  sphere of diameter  2 nm would have a molecular mass of  
4 , 0 0 0 .  If t h e  molecules  were rod-shaped, even smal le r  molecular masses would be 
p r e d i c t e d .  
between 800 and 20 000 with t h e  va lues  c l u s t e r i n g  around 1,000 and 10,000 (11,12,13). 

Taking t h e  d e n s i t y  of c o a l  substance 

L i t e r a t u r e  va lues  of  t h e  molecular mass of regenerated humic a c i d s  range 

S ince  t h e  humic a c i d  f r a c t i o n  c o n s t i t u t e s  30% of t h e  d r y  coa l  mass, about 
one t h i r d  o f  t h e  c o a l  is i n  t h e  form of small  macromolecules, and bound t o  t h e  coal  
s t r u c t u r e  wi th  bonds weak enough t o  be d i s r u p t e d  by d i l u t e  a l k a l i .  

It is  o f  i n t e r e s t  t o  note  t h a t  t h e  p a r t i c l e  s i z e  gap suppl ies  a r a t i o n a l  basis 
t o  t h e  t r a d i t i o n a l  German c l a s s i f i c a t i o n  scheme of def in ing  humic a c i d  and humins on 
t h e  basis of a p a r t i c l e  s i z e  separa t ion  ( f i l t r a t i o n ) .  

Discuss  i o n  

The presence of  geometr ica l ly  uniform r o d s  and t h e  absence of p a r t i c l e s  over  
such a wide p a r t i c l e  s i z e  range have impl ica t ions  f o r  our  understanding of c o a l  
chemis t ry  and g e n e s i s .  
observa t ions .  

The fol lowing d i s c u s s i o n  a t t e m p t s  to  harmonise these  

Three explana t ions  have been considered t o  expla in  t h e  rods  found during t h i s  
These a r e  t h a t  they  a r e : -  

i )  b a c t e r i a l  remains 
i i )  p l a n t  c e l l  remains 

work. 

i i i )  art ifacts formed dur ing  phase s e p a r a t i o n  i n  t h e  c o a l i f i c a t i o n  process .  
Since b a c t e r i a ,  inc luding  r o d - l i k e  b a c i l l i  a r e  a c t i v e  during t h e  b io logica l  d i g e s t i o n  
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s t a g e  of c o a l i f i c a t i o n ,  remnants of t h e i r  protoplasm m y  have been incorporated 
i n t o  t h e  c o a l  matrix. 
high n i t rogen  conten t  and t h e  r e s u l t s  are l i s t e d  i n  Table  1. 

If t h i s  were so, t h e i r  p r o t e i n  conten t  should r e s u l t  i n  a 

TABLE 1. 
Nitrogen conten t  (d .a . f .1  of Coal S ize  F r a c t i o n  

Mater ia l  ~ o r i g i n a l  c o a l  t43 um -43umt1.2pm -1.2 vrn 
I 

Nitrogen conten t  (% d a f )  0.75  0.63 0.78 0.70 - 
Although t h e  n i t rogen  conten t  of t h e  rod f r a c t i o n  is higher  t h a n  t h e  o t h e r s ,  

Since t h e i r  concent ra t ion  appears  t o  be much 
it can only be s i g n i f i c a n t  i f  t h e  rods c o n s t i t u t e  less than  about 2% of t h e  t o t a l  
mass of t h e  -43 pm t 1.2 pm f r a c t i o n ,  
g r e a t e r  than t h i s ,  t h e  hypothesis  i s  u n a t t r a c t i v e .  

The abundance of i d e n t i f i a b l e  cell  fragments  observed under t h e  microscope 
l e n d s  weight t o  t h e  second hypothesis .  
and remains of  coni fe rous  t r a c h e i d s  o r  o t h e r  ce l l s  would be of t h e  c o r r e c t  s i z e .  
The composition of t h e  rod f r a c t i o n  is c l o s e  t o  t h a t  of l i g n i n  and t h e  rods have 
been observed pee l ing  off l a r g e r  woody fragments. 
must t h e r e f o r e  be considered a s  a p o s s i b i l i t y  i n  t h e  absence of o t h e r  information.  

C e l l  s i z e s  vary with l o c a t i o n  i n  t h e  plant 

The ce l l  r e m i n s  explana t ion  

The t h i r d  hypothesis  is more s p e c u l a t i v e  and fa r - reaching  i n  i t s  impl ica t ions .  
It  is genera l ly  accepted ( 1 4 )  t h a t  t h e  f i r s t  s t e p  i n  t h e  genes is  of  c o a l  i s  t h e  
d e s t r u c t i o n  of  c e l l u l o s e  and t h e  degrada t ion  of  l i g n i n  t o  monomer which e i t h e r  is a 
humic a c i d  or polymerises t o  g ive  humic a c i d s .  
t a k e s  place by condensat ion a s  ind ica ted  by t h e  decrease i n  a c i d i t y  with i n c r e a s e  i n  
molecular  mass. A s  t h e  concent ra t ion  of monomer decreases ,  a g e l  po in t  is reached 
and a g i a n t  network is formed, swollen by t h e  so lvent  water. 
proceeds f u r t h e r ,  t h e  network w i l l  become cross- l inked ,  r e s u l t i n g  i n  shr inka2e and 
water exclusion.  

The polymerisat ion of these  a c i d s  

A s  t h e  polymegisation 

Considering macromolecules i n  s u r f a c e  energy terms,  t h e  s o l u b i l i t y  parameter 
has  been def ined as .”.% 

6 = 
1 1  

where E is t h e  molar cohesive energy and V is t h e  molar volume. 
A and B, t h e  m a t e r i a l s  a r e  compatible i f  (15), 

For two polymers 

(6, - < 4.2 kJ/1 

If t h i s  inequal i ty  does not  hold phase separa t ion  of  polymers w i l l  occur. The 
s o l u b i l i t y  parameter of  c o a l  over  a wide range  of  c o a l  ranks  has been measured 
(15,17,18) and is p l o t t e d  i n  Fig.  4 .  
to  23 as t h e  carbon content  r i s e s  from 7 0 - t o  89% and r i s e s  s lowlv t h e r e a f t e r .  
89% carbon,  po lar  groups a r e  l a r g e l y  absent  and aromat i sa t ion  has  commenced. 
e x t r a p o l a t i o n  back t o  t h e  65 -70% carbon range occupied by brown c o a l s ,  t h e  l i n e  is 
s t e e p  enough such t h a t  a d i f f e r e n c e  of only  1% i n  carbon content  is s u f f i c i e n t  t o  
c r e a t e  incompat ib i l i ty  between c o a l  molecules. 

The value of  6 f a l l s  n e a r l y  l i n e a r l y  from 32 
A t  

By 

A l a r g e  polymer molecule is a b l e  t o  e x i s t  with d i f f e r e n t  p a r t s  of t h e  c h a i n  
i n  d i f f e r e n t  phases and an i n c r e a s e  i n  t h e  concent ra t ion  of  t h e  s p e c i e s  w i l l  
concent ra te  so lva ted  p a r t s  toge ther  as  wel l  a s  concent ra t ing  t h e  p r e c i p i t a t e d  p a r t s .  
With two d i f f e r e n t  polymers e .g .  po lys tyrene  and polybutadiene b locks  of one w i l l  
form wi th in  a cont inuous phase of t h e  o t h e r ,  with domain s i z e s  between 10 and 100 nm 
u s u a l .  
remaining polymer. 

This  segregat ion i n t o  phases w i l l  be  enhanced by t h e  swel l ing e f f e c t  of t h e  

In t h e  case  of c o a l  formation, woody r e s i d u e s  intermingle  with condensat ion 
polymers which a r e  swollen by t h e  water-soluble  products  f r o m  t h e  degradat ion of 
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high concent ra t ion  of A 

I 
low concent ra t ion  o f  A 

The r e v i s e d  model of c o a l  s t r u c t u r e  which emerges from t h i s  study envisages 
a g e l  o f  humic a c i d  molecules swollen by water  and incorpora t ing  p a r t i c u l a t e s .  
These include r o d s  and d e t r i t a l  mat ter  l i k e  p o l l e n ,  cell  remains, e x i n i t e  m a t e r i a l  
e t c .  which a r e  he ld  t o g e t h e r  by t h e  humic a c i d  "glue". 
toge ther  must be of a homopolar non-regenerable type  as r h e o l o g i c a l  s t u d i e s  of 
Vic tor ian  c o a l s  have shown that t h e  bonds a r e  broken by s h e a r  a c t i o n  during 
mechanical working and d o  not remake on s tanding  (19). 
bond commonly regarded  as t h e  major bond type  for brown c o a l  g e l s ,  as hydrogen 
bonds a r e  known to remake after rupture .  
may hold t h e  s t r u c t u r e  toge ther .  On r u p t u r e  t h e  water  which i s  l i b e r a t e d  on shear ing  
would be a b l e  t o  a t t a c h  a t  t h e  vacant si tes and t h u s  prevent  t h e  remaking of t h e  
o r i g i n a l  s t r o n g e r  bonds. 

Conclusions 

1. 

2. 

The bonds l ink ing  t h i s  mass 

This  excludes t h e  hydrogen 

It appears  t h a t  van d e r  .Waals t y p e  bonds 

P a r t i c l e  s i z e  a n a l y s i s  of  a l k a l i - d i g e s t e d  brown coal provides  a u s e f u l  
ins ight  i n t o  coal s t r u c t u r e .  
Victor ian c o a l s  c o n t a i n  s i g n i f i c a n t  q u a n t i t i e s  of c y l i n d r i c a l  rod-shaped 
p a r t i c l e s ,  1 vm i n  diameter  and 6-8 um long,  which a r e  high i n  carbon 
and hydrogen. 
No p a r t i c l e s  e x i s t  i n  a lka l i -d iges ted  c o a l  s o l u t i o n s  between 6 v m  and 2nm 
Stokesian d i a m e t e r ,  

p a r t i c l e s  bound by non-regenerable bonds. 

3. 

4. Brown c o a l  can be regarded a s  a g e l  of humic a c i d s  which incorporates  l a r g e r  

spheres  of  B d i s p e r s e d  i n  A 
rods  " " 

a l t e r n a t e  l a y e r s  of A and B 
rods of A d i speresed  i n  B 
spheres  " 

I, 1, 11 

11 , I  
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